ney failure even at the lowest levels of estimated glomerular filtration rate (eGFR). [4] [5] [6] Furthermore, although reduced eGFR is common among older adults, the clinical significance of moderate reductions in eGFR and risk of mortality in particular has been questioned. [7] [8] [9] However, previous studies have defined kidney failure by receipt of long-term dialysis, which reflects both disease progression and a treatment decision. Because it is plausible that the likelihood of initiating longterm dialysis among individuals with kidney failure varies by age, earlier studies may provide an incomplete picture of the burden of advanced kidney disease in older adults, based on the incidence of long-term dialysis alone.
We studied a community-based cohort of more than 1.8 million adults to determine whether age is associated with the likelihood of treated kidney failure (renal replacement therapy: receipt of long-term dialysis or kidney transplantation), untreated kidney failure (eGFR Ͻ15 mL/min/1.73m 2 without renal replacement therapy), and allcause mortality. The size of the cohort permitted a refined characterization of the association between age and the risk of these adverse outcomes.
METHODS

Study Cohort
We performed a retrospective cohort study using laboratory data and administrative data from Alberta, Canada. The study population included Alberta residents aged 18 years or older who had at least 1 outpatient serum creatinine measurement between May 15, 2002 , and March 31, 2008 . 10 The index date was defined as the date of the first serum creatinine measurement. There were 1 821 850 participants aged 18 years or older with at least 1 outpatient serum creatinine measurement during the cohort enrollment period. We excluded 231 people who died on their index date, 3168 because they had ESRD at the time of cohort entry, and 1627 because their baseline (index) eGFR was less than 15 mL/min/1.73 m 2 , leaving a final cohort of 1 816 824 participants. The institutional review boards of the University of Calgary and University of Alberta approved the study and granted waiver of patient consent.
Definitions of Exposures
We estimated the index eGFR using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation. 11 To reduce interlaboratory variation, creatinine measurements were standardized across provincial laboratories to an isotope dilution mass spectrometry reference standard, and a laboratory-specific correction factor was applied where necessary. 10 Index eGFR was categorized as 90 or higher, 60 to 89, 45 to 59, 30 to 44, and 15 to 29 mL/min/1.73 m 2 based on outpatient creatinine measurements only.
Proteinuria was measured by urine dipstick based on random outpatient spot urine measurements. We defined proteinuria as normal (urine dipstick negative), mild (urine dipstick trace or 1ϩ), heavy (urine dipstick Ն2ϩ), and not measured (no outpatient urine dipstick measurement). 12 To establish baseline proteinuria, all measurements in the 6-month periods before and after the index eGFR were used. The median of all measurements was used for patients with multiple measurements.
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Outcomes
Patients were followed up from the date of cohort entry until the date of the renal outcome of interest, death, outmigration from the province, or study end (March 31, 2009). We considered 3 outcomes: all-cause mortality (obtained from the Alberta Health and Wellness Registry file), treated kidney failure (initiation of long-term dialysis [acute dialysis not included], as determined from provincial dialysis registry and administrative data using a validated algorithm, or receipt of a kidney transplant 14 ) , and untreated kidney failure (progression to an eGFR Ͻ15 mL/min/1.73 m 2 without dialysis treatment or a kidney transplant). The definition of untreated kidney failure was consistent with current guidelines 15 and required a sustained eGFR of less than 15 mL/min/1.73 m 2 during follow-up (with absence of renal replacement therapy, although other medical treatments were permitted). All outpatient serum creatinine measurements following the index measure were considered during the study period (inpatient serum creatinine measurements were not considered). The renal outcomes were mutually exclusive. Specifically, patients were classified as having treated kidney failure if they received long-term dialysis treatment or a kidney transplant at any time, irrespective of their eGFR.
Measurement of Covariates
Administrative data from the provincial health ministry were used to define demographic characteristics and comorbidity. Aboriginal race/ethnicity was determined from First Nations status in the registry file; it was not possible to identify other racial/ethnic groups, although more than 85% of the Alberta population is white. 16 Diabetes mellitus and hypertension were identified from hospital discharge records and physician claims using validated algorithms. 17, 18 Other comorbid conditions based on the Deyo classification of Charlson comorbidities were identified using validated International Classification of Diseases (ICD), Ninth Revision and ICD-10 coding algorithms applied to physician claims and hospitalization data. 19 The presence of 1 or more diagnostic codes (in any position) up to 3 years before cohort entry was used for identification of these comorbidities. Drug use in Alberta is only available for adults aged 65 years or older and therefore was not included. The 6-digit residential postal code for each participant was linked to the 2001 or 2006 Canadian Census (whichever was closest to the index date) using the postal code conversion file to determine median neighborhood household income quintile and rural/urban location of residence.
Statistical Analysis
We performed analyses stratifying age as 18 20 Rates were adjusted to the sample proportions of the demographic and clinical characteristics listed in the TABLE.
P values for differences in rates between the age groups were determined with age 18 to 44 years as the reference.
We also modeled the cumulative incidence of each of the renal outcomes (treated kidney failure and untreated kidney failure) with death as a competing risk, using the competing proportional subdistribution hazard approach. 21 To assess the combined effects of eGFR and age on each of the renal outcomes, we used the full study cohort and a common reference category of age 45 to 54 years with eGFR of 60 to 89 mL/min/1.73 m 2 to calculate the hazard ratios.
We performed several sensitivity analyses to assess the robustness of our findings. We repeated all analyses using a composite outcome of treated and untreated kidney failure, an outcome defined as a sustained eGFR of less than 15 mL/min/1.73 m 2 irrespective of renal replacement therapy, and an outcome of untreated kidney failure defined as progression to a sustained eGFR of less than 10 mL/min/1.73 m 2 . Finally, although our primary definition of untreated kidney failure required at least 2 measurements of eGFR (baseline Ն15 mL/min/1.73 m 2 followed by Ն1 eGFR Ͻ15 mL/min/1.73 m 2 ), we repeated analyses with untreated kidney failure defined as 2 measurements of eGFR of less than 15 mL/ min/1.73 m 2 during a 6-month period. Statistical analyses were performed with SAS version 9.2 (SAS Institute Inc) and R version 2.13.1 (R Project) software. P Ͻ .05 indicates statistical significance by 2-sided test. 
RESULTS
Participant Characteristics
The mean age of the cohort was 48. person-years, respectively; P Ͻ .001) (Figure 1 ). The increased risk of death associated with lower eGFR was higher in the younger age strata (PϽ.001 for interaction).
The risk of treated kidney failure increased with declining eGFR but was attenuated among older participants (PϽ.001 for interaction) (Figure 2A ). Within each eGFR stratum, rates of treated kidney failure were consistently higher among the youngest age group. The adjusted rate per 1000 person-years of treated kidney failure among those with a baseline eGFR of 15 to 29 mL/min/1.73 m 2 was 24.00 (95% CI, 14.78-38.97) among participants aged 18 to 44 years but was 1.53 (95% CI, 0.59-3.99) among those aged 85 years or older (P Ͻ.001).
The opposite results were evident for untreated kidney failure ( Figure 2B ). The risk of untreated kidney failure In analyses that formally accounted for the competing risk of death, similar patterns in the cumulative incidence of treated and untreated kidney failure by age were evident (eFigure 1; available at http://www.jama .com). Using a common reference (age 45-54 years and an eGFR of 60-89 mL/ min/1.73 m 2 ), the risk of treated kidney failure increased with declining eGFR but was attenuated among older participants (eFigure 1, top ). The opposite pattern of results was evident for untreated kidney failure (eFigure 1, bottom ), with the highest hazard ratios in older age groups, in particular for those aged 65 years or older with an eGFR of less than 30 mL/min/1.73 m 2 .
Sensitivity Analyses
We found similar results in sensitivity analyses that defined untreated kidney failure as progression to a sustained eGFR of less than 10 mL/min/ 1.73 m 2 (eFigure 2) or alternatively by at least 2 follow-up measures of eGFR of less than 15 mL/min/1.73 m 2 during a 6-month period (eFigure 3), or when the outcome was defined as an eGFR of less than 15 mL/min/1.73 m 2 irrespective of renal replacement therapy (eFigure 4), with an attenuation in risk estimates. In all of these Events Person-Years eGFR indicates estimated glomerular filtration rate. Adjusted for sex, income quintile, residence, First Nations status, proteinuria, diabetes, hypertension, and Charlson comorbidities (cancer, cerebrovascular disease, congestive heart failure, chronic obstructive pulmonary disease, dementia, myocardial infarction, mild liver disease, paraplegia/hemiplegia, peptic ulcer disease, peripheral vascular disease, and rheumatologic disease).
analyses, rates of treated kidney failure were lower (and untreated kidney failure higher) in older participants compared with those who were younger. The percentage of participants experiencing untreated kidney failure (and the composite of treated or untreated kidney failure) during the study period progressively increased with age, with the highest proportion observed in those aged 85 years or older (FIGURE 4).
COMMENT
In this population-based cohort of more than 1.8 million adults, the rate of progression to treated and untreated kidney failure differed substantially by age. Both the absolute and relative risks of treated kidney failure were highest among younger participants. In contrast, the rate of progression to an eGFR of less than 15 mL/min/1.73 m 2 without dialysis or kidney transplantation (untreated kidney failure) was considerably higher among older people. Compared with either treated or untreated kidney failure considered alone, the incidence of the composite outcome of treated and untreated kidney failure was less variable in younger and older participants within each eGFR stratum. Results were robust for varying definitions of untreated kidney failure and when death as a competing risk was taken into account. These findings suggest that kidney disease does progress in older adults and that the true incidence of progressive CKD and kidney failure in older adults is underestimated when defined by receipt of renal replacement therapy (treated kidney failure) alone.
Possible explanations for the lower incidence of ESRD among older CKD patients (compared with otherwise similar younger patients) provided in earlier studies include a greater competing risk of death, slower kidney function loss, and lower uptake of dialysis in older adults. 5, 6 Our study adds important new information regarding the risk of progressive CKD in elderly persons by taking into account the competing risk of death and by also considering untreated kidney failurewhich is particularly relevant given the potential for age to influence the decision to initiate dialysis. 22 Most importantly, our results suggest that the incidence of advanced kidney disease in the elderly may be substantially underestimated by rates of treated kidney failure alone and that untreated kidney failure may be more common than initiation of renal replacement at older ages. Untreated kidney failure among adults aged 75 years or older with baseline eGFR of 15 to 29 mL/min/1.73 m 2 was approximately 2-to 10-fold more common than kidney failure treated by dialysis. These findings have important implications for clinical practice and decision making; coupled with the finding that many older adults with advanced CKD are not adequately prepared for dialysis, 23 these results suggest a need to prioritize the assessment and recognition of CKD progression among older adults. Our findings also imply that clinicians should offer dialysis to older adults who are likely to benefit from it-and should offer a positive alternative to dialysis in the form of conservative management (including end-of-life care when appropriate) for patients who are unlikely to benefit from (or prefer not to receive) long-term dialysis. Given the large number of older adults with severe CKD, these results also highlight the need for more proactive identification of older adults with CKD, assessment of their symptom burden, and development of appropriate management strategies. 24, 25 Finally, our study demonstrates the need to better understand the clinical significance of untreated kidney failure, the factors that influence dialysis initiation decisions in older adults, and the importance of a shared decision making process for older adults with advanced CKD. 26 Rates of incident kidney failure in the United States are 2-to 3-fold higher than those reported in other developed countries 27 and are based on receipt of renal replacement therapy. The hypothesis that rates of treated kidney failure are influenced by physician and patient preferences is further supported by the substantial regional variation in rates of treated ESRD in older American adults, 23 which suggests that treated kidney failure reflects factors other than disease severity, including situational factors such as country and physician preference. The differences in the likelihood of initiating dialysis by age as illustrated in our study may further explain the between-country differences in ESRD incidence and warrant further exploration.
We defined untreated kidney failure as an eGFR of less than 15 mL/min/ 1.73 m 2 based on current guidelines. 15 Given that approximately half of inci- dent North American dialysis patients initiate treatment at an eGFR of 10 mL/ min/1.73 m 2 or higher, 28, 29 this definition appears appropriate. We obtained similar results in sensitivity analyses that defined untreated kidney failure by more severe kidney dysfunction (eGFR Ͻ10 mL/min/1.73 m 2 ) and by repeated measurements over a period of up to 6 months, further supporting the validity of our primary definition.
Furthermore, our results suggest that the increased mortality associated with CKD is observed at all ages, even among the very old (aged Ն85 years). Similar to a recent meta-analysis of general population studies, 30 our results show a fairly consistent relationship between reduced eGFR and increased risk of death in both older and younger adults. The excess mortality associated with an eGFR of 90 mL/min/1.73m 2 or higher, consistent for all age groups and previously reported, 30, 31 is likely due to the relationship of reduced muscle mass (reflecting ill health) to kidney function and mortality.
Our study has limitations that should be considered when interpreting its results. First, we could not assess the reasons why members of our cohort did not initiate dialysis despite having a low eGFR. It is possible that an eGFR of less than 15 mL/min/1.73 m 2 is less likely to result in uremic symptoms in older adults (compared with younger patients), which may contribute to higher rates of untreated kidney failure in the former. However, we obtained similar results when kidney failure was defined as an eGFR of less than 10 mL/ min/1.73 m 2 (a level at which the majority of patients experience uremic symptoms 32 ); thus, it is possible that other factors (including access to therapy, patient or physician preferences, or absence of symptoms) may explain the observed differences in the incidence of untreated kidney failure by age. Second, our cohort was limited to adults who had at least 1 serum creatinine measurement as part of their medical care in Alberta (with baseline kidney function defined by their first measurement) and, as such, may include a greater proportion of adults with underlying comorbidity. However, given the large study size and the publicly funded health care system in Canada, our results are likely generalizable to other settings. Third, we cannot comment on the long-term prognosis for patients with treated and untreated renal failure due to insufficient follow-up. While countryspecific treatment practices for ESRD in older adults may exist, similar to regional variation within other countries such as the United States, 23 such differences would not affect the conclusions drawn from our study. Finally, since we excluded people who died or initiated dialysis on the same day as their initial serum creatinine measurement, it is possible that results would have differed if kidney function was classified using values obtained by a population-based survey. However the relatively small number of such participants suggests that this decision is unlikely to have influenced our conclusions. Our study also has several strengths, including its communitybased setting in a population with universal access to health care, including long-term dialysis. Furthermore, the large study size permitted a refined characterization of the adjusted association among age, eGFR, and risk of kidney failure, including a large number of individuals aged 85 years or older.
In conclusion, we found that the incidence of advanced kidney disease in elderly persons may be more substantial than previously thought-as reflected by markedly increased rates of untreated kidney failure among the oldest patients. Future studies are needed to better understand dialysis initiation practices in older adults with advanced kidney disease and to determine how to optimize shared decision making in this setting.
